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Supplementary Figure S2 .
Fabrication flow chart of electrode-embedded nanochannel.
(1) First, micrometer-scale Au leads (2 nm thick Pt layers were used as an adhesion layer) were formed on a SiO 2 -coated Si substrate using a photolithography method, radio-frequency (RF) magnetron sputtering metal deposition, and lift-off processes.
(2) After that, a pair of nanoeletrodes with Pt (2 nm)/ Au (30 mn)/ Pt (2 nm)/ SiO 2 (30 nm) S5 by an electron beam lithography followed by Cr removal using a wet-etching process. (8) Finally, the sample is exposed to the dry etching and (9) residual Cr was removed.
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Supplementary Figure S3 . Channel sealing with PDMS. a, A PDMS block with two channels formed on one side of the surface was prepared by curing it on an SU-8 mold. In prior to channel sealing, the sample substrate and the PDMS block was exposed to oxygen plasma for surface activation. S1,S2 Subsequently, they are attached to each other. 
